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Abstract
In this article, we take the scalar diquark and antidiquark as the basic constituents, con-
struct the Cγ5⊗
↔
∂ µ ⊗γ5C type tetraquark current to study the Y (10750) with the QCD sum
rules. The predicted mass MY = 10.75 ± 0.10GeV supports assigning the Y (10750) to be
the diquark-antidiquark type vector hidden-bottom tetraquark state with a relative P-wave
between the diquark pair.
PACS number: 12.39.Mk, 12.38.Lg
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1 Introduction
Recently, the Belle collaboration observed a resonance structure Y (10750) with the global sig-
nificance of 6.7σ in the e+e− → Υ(nS)pi+pi− (n = 1, 2, 3) cross sections at energies from 10.52
to 11.02GeV using the data collected with the Belle detector at the KEKB asymmetric-energy
e+e− collider [1]. The Breit-Wigner mass and width are MY = 10752.7 ± 5.9+0.7−1.1MeV and
ΓY = 35.5
+17.6
−11.3
+3.9
−3.3MeV, respectively. The Y (10750) is observed in the processes Y (10750) →
Υ(nS)pi+pi− (n = 1, 2, 3), its quantum numbers may be JPC = 1−−. In the famous Godfrey-
Isgur model, the nearby bottomonium states are the Υ(4S), Υ(5S) and Υ(3D) with the masses
10.635GeV, 10.878GeV and 10.698GeV, respectively [2], while in the QCD-motivated relativis-
tic quark model based on the quasipotential approach (the screened potential model), the cor-
responding masses are 10.586GeV, 10.869GeV and 10.704GeV (10.611GeV, 10.831GeV and
10.670GeV [3]), respectively [4]. Without introducing mixing effects, the experimental data
MY = 10752.7±5.9+0.7−1.1MeV cannot be reproduced, if we assign the Y (10750) to be a conventional
bottomonium state.
The Y (10750) may be a hidden-bottom tetraquark candidate. In Refs.[5, 6], we take the
scalar and axialvector diquarks as the basic constituents, introduce a relative P-wave between the
diquark and antidiquark explicitly to construct the vector tetraquark currents, and study the vector
hidden-charm tetraquark states with the QCD sum rules systematically, and obtain the lowest
vector hidden-charm tetraquark masses up to now, which support assigning the Y (4220/4260),
Y (4320/4360), Y (4390) and Z(4250) to be the vector tetraquark states with a relative P-wave
between the diquark and antidiquark pair. On the other hand, if we take the scalar, pseudoscalar,
vector and axialvector diquarks as the basic constituents, construct the vector tetraquark currents
without introducing the relative P-wave between the diquark and antidiquark, we can obtain the
lowest vector tetraquark masses about 4.34GeV or 4.59GeV [7], which are larger or much larger
than the experimental value of the mass of the Y (4220/4260). In Ref.[8], we take the scalar
and axialvector diquarks as the basic constituents, study the mass spectrum of the ground state
hidden-bottom tetraquark states with JPC = 0++, 1++, 1+− and 2++ with the QCD sum rules in
a systematic way, and observe that the ground state hidden-bottom tetraquark states have a mass
about 10.61− 10.65GeV. The Y (10750) may be a vector hidden-bottom tetraquark state.
In this article, we assign the Y (10750) to be a vector hidden-bottom tetraquark state with
JPC = 1−− tentatively, and construct the Cγ5⊗
↔
∂ µ ⊗γ5C type current to study its mass and
pole residue with the QCD sum rules by carrying out the operator product expansion up to the
vacuum condensates of dimension 10.
The article is arranged as follows: we derive the QCD sum rules for the mass and pole residue
of the Y (10750) in section 2; in section 3, we present the numerical results and discussions; section
4 is reserved for our conclusion.
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1
2 QCD sum rules for the vector tetraquark state Y (10750)
Firstly, we write down the two-point correlation function Πµν(p) in the QCD sum rules,
Πµν(p) = i
∫
d4xeip·x〈0|T {Jµ(x)J†ν (0)} |0〉 , (1)
where Jµ(x) = J
+
µ (x), J
0
µ(x) and J
−
µ (x),
J+µ (x) =
εijkεimn√
2
uTj(x)Cγ5b
k(x)
↔
∂ µ d¯
m(x)γ5Cb¯
Tn(x) ,
J0µ(x) =
εijkεimn
2
[
uTj(x)Cγ5b
k(x)
↔
∂ µ u¯
m(x)γ5Cb¯
Tn(x)
± dTj(x)Cγ5bk(x)
↔
∂ µ d¯
m(x)γ5Cb¯
Tn(x)
]
,
J−µ (x) =
εijkεimn√
2
dTj(x)Cγ5b
k(x)
↔
∂ µ u¯
m(x)γ5Cb¯
Tn(x) , (2)
where the i, j, k, m, n are color indexes,
↔
∂ µ=
−→
∂ µ −←−∂ µ. In the isospin limit, the currents Jµ(x)
couple to the vector hidden-bottom tetraquark states with degenerate masses. In this article, we
choose Jµ(x) = J
+
µ (x) for simplicity.
At the phenomenological side, we insert a complete set of intermediate hadronic states with
the same quantum numbers as the current operator Jµ(x) into the correlation function Πµν(p) to
obtain the hadronic representation [9, 10]. After isolating the ground state contribution of the
Y (10750), we obtain the result,
Πµν(p) =
λ2Y
M2Y − p2
(
−gµν + pµpν
p2
)
+ · · · , (3)
where the pole residue λY is defined by 〈0|Jµ(0)|Y (p)〉 = λY εµ, the εµ is the polarization vector.
At the QCD side, we carry out the operator product expansion up to the vacuum condensates
of dimension 10 in a consistent way, and take into account the vacuum condensates 〈q¯q〉, 〈αsGGpi 〉,
〈q¯gsσGq〉, 〈q¯q〉2, 〈q¯q〉〈αsGGpi 〉, 〈q¯q〉〈q¯gsσGq〉, 〈q¯gsσGq〉2 and 〈q¯q〉2〈αsGGpi 〉, then obtain the QCD
spectral density through dispersion relation, take the quark-hadron duality below the continuum
threshold s0 and perform Borel transform to obtain the QCD sum rules:
λ2Y exp
(
−M
2
Y
T 2
)
=
∫ s0
4m2
b
ds ρ(s) exp
(
− s
T 2
)
. (4)
For the explicit expression of the QCD spectral density ρ(s) and the technical details, one can
consult Ref.[5].
We derive Eq.(4) with respect to τ = 1T 2 , and obtain the QCD sum rules for the mass of the
Y (10750),
M2Y = −
∫ s0
4m2
b
ds ddτ ρ(s) exp (−τs)∫ s0
4m2
b
ds ρ(s) exp (−τs) . (5)
3 Numerical results and discussions
We take the standard values of the vacuum condensates 〈q¯q〉 = −(0.24± 0.01GeV)3, 〈q¯gsσGq〉 =
m20〈q¯q〉, m20 = (0.8 ± 0.1)GeV2, 〈αsGGpi 〉 = (0.33GeV)4 at the energy scale µ = 1GeV [9, 10, 11],
and take the MS mass mb(mb) = (4.18 ± 0.03)GeV from the Particle Data Group [12], and set
2
the u and d quark masses to be zero. Moreover, we take into account the energy-scale dependence
of the input parameters,
〈q¯q〉(µ) = 〈q¯q〉(1GeV)
[
αs(1GeV)
αs(µ)
] 12
33−2nf
,
〈q¯gsσGq〉(µ) = 〈q¯gsσGq〉(1GeV)
[
αs(1GeV)
αs(µ)
] 2
33−2nf
,
mb(µ) = mb(mb)
[
αs(µ)
αs(mb)
] 12
33−2nf
,
αs(µ) =
1
b0t
[
1− b1
b20
log t
t
+
b21(log
2 t− log t− 1) + b0b2
b40t
2
]
, (6)
where t = log µ
2
Λ2
, b0 =
33−2nf
12pi , b1 =
153−19nf
24pi2 , b2 =
2857− 5033
9
nf+
325
27
n2f
128pi3 , Λ = 210MeV, 292MeV
and 332MeV for the flavors nf = 5, 4 and 3, respectively [12, 13], and evolve all the parameters
to the ideal energy scales µ with the flavor nf = 5 to extract the tetraquark mass.
We search for the Borel parameter T 2 and continuum threshold parameter s0 to satisfy the
four criteria:
1. Pole dominance at the hadron side;
2. Convergence of the operator product expansion;
3. Appearance of the Borel platforms;
4. Satisfying the modified energy scale formula,
via try and error.
In Refs.[14, 15, 16], we study the energy scale dependence of the QCD sum rules for the hidden-
charm and hidden-bottom tetraquark states (which consist of a diquark-antidiquark pair in relative
S-wave) for the first time, and suggest an energy scale formula µ =
√
M2X/Y/Z − (2MQ)2 with the
effective Q-quark mass MQ to determine the ideal energy scales of the QCD spectral densities. If
there exists a relative P-wave, which lies in between the diquark and antidiquark, the energy scale
formula is modified to be
µ =
√
M2X/Y/Z − (2MQ + PE)2 . (7)
where the PE denotes the energy cost by the relative P-wave [5, 6]. The Y (10750) lies near the
Υ(4S) and Υ(5S), the energy gap between the masses of the χb1(4P) and Υ(4S) (χb1(5P) and
Υ(5S)) is about 0.14− 0.15GeV (0.12− 0.14GeV) in the potential models [2, 3]. In this article, we
study the vector hidden-bottom tetraquark state, which has a relative P-wave between the bottom
diquark and bottom antidiquark. If a relative P-wave costs about 0.12GeV, then the energy scale
formula is modified to be
µ =
√
M2Y − (2Mb + 0.12GeV)2 =
√
M2Y − (10.46GeV)2 , (8)
where we choose the updated valueMb = 5.17GeV [17]. The value PE = 0.12GeV is reasonable, as
the QCD sum rules indicate that the ground state hidden-bottom tetraquark mass is about 10.61−
10.65GeV [8], the vector hidden-bottom tetraquark mass is estimated to be 10.73 − 10.77GeV,
which is in excellent agreement with the experimental data MY = 10752.7± 5.9+0.7−1.1MeV from the
Belle collaboration [1].
In Refs.[8], we study the scalar, axialvector and tensor hidden-bottom tetraquark states Zb with
the QCD sum rules in a systematic way, the continuum threshold parameters
√
s0 =MZb +0.55±
0.10GeV work well, which is consistent with the assumption MZ′
b
−MZb = MΥ′ −MΥ = 0.55GeV
[12]. In this article, we assume MY ′ −MY = MΥ′ −MΥ = 0.55GeV and choose the continuum
threshold parameter
√
s0 = MY + 0.55± 0.10GeV.
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Figure 1: The mass of the Y (10750) with variation of the Borel parameter T 2.
In calculations, we observe that the continuum threshold parameter
√
s0 = 10.3±0.1GeV, Borel
parameter T 2 = (6.3−7.3)GeV2 and energy scale µ = 2.5GeV work well. The pole contribution of
the ground state Y (10750) is about (47−70)%, the pole dominance is well satisfied. The predicted
mass is about MY = 10.75GeV, the modified energy scale formula is well satisfied.
In calculations, we observe that the contributions of the vacuum condensates of dimensions
3, 5, 6 and 8 are large, and change quickly with variation of the Borel parameter T 2 at the
region T 2 < 6.3GeV2, the convergent behavior is bad, we have to choose T 2 ≥ 6.3GeV2. At the
Borel window, T 2 = (6.3− 7.3)GeV2, the contributions of the vacuum condensates of dimensions
3, 5, 6, 8 have the hierarchyD3 ≫ |D5| ∼ D6 ≫ |D8|, the contributions of the vacuum condensates
of the dimensions 4 and 7 are tiny and can be neglected safely, the contribution of the vacuum
condensates of dimension 10 is (2− 6)%, the operator product expansion is convergent.
We take into account all uncertainties of the input parameters, and obtain the mass and pole
residue of the Y (10750), which are shown explicitly in Figs.1-2,
MY = 10.75± 0.10GeV ,
λY = (1.89± 0.31)× 10−1GeV6 . (9)
From Figs.1-2, we can see that there appear platforms in the Borel window. The four criteria of
the QCD sum rules for the tetraquark states are all satisfied [14, 15, 16], and we expect to make
reliable predictions.
The predicted mass MY = 10.75 ± 0.10GeV is in excellent agreement with the experimental
data MY = 10752.7 ± 5.9+0.7−1.1MeV from the Belle collaboration [1] (see Fig.1), which supports
assigning the Y (10750) to be the diquark-antidiquark type vector hidden-bottom tetraquark state
with a relative P-wave between the diquark pair. The relative P-wave between the diquark and
antidiquark pair disfavors rearrangement of the quarks to form meson pairs, which can account for
the small experimental value of the width ΓY = 35.5
+17.6
−11.3
+3.9
−3.3MeV [1].
4 Conclusion
In this article, we take the scalar diquark and antidiquark as the basic constituents, construct the
Cγ5⊗
↔
∂ µ ⊗γ5C type tetraquark current by introducing an explicit P-wave between the diquark
and antidiquark pair to study the Y (10750) as a vector tetraquark state with the QCD sum rules.
We carry out the operator product expansion up to the vacuum condensates of dimension 10 in a
consistent way, and use the modified energy scale formula to determine the ideal energy scale of the
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Figure 2: The pole residue of the Y (10750) with variation of the Borel parameter T 2.
QCD spectral density. The predicted mass MY = 10.75± 0.10GeV is in excellent agreement with
the experimental value MY = 10752.7± 5.9+0.7−1.1MeV from the Belle collaboration, and supports
assigning the Y (10750) to be the diquark-antidiquark type vector hidden-bottom tetraquark state
with a relative P-wave between the diquark pair.
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